Abstract. In order to allow educational robot to provide better service indoor activities scenario, it is necessary to know the position of the robot. This paper puts forward the WiFi fingerprint positioning method based on wireless routing technology, which solves the positioning of educational robot in complex environment. In view of the indoor positioning research, many researchers are limited to the pursuit of the positioning accuracy, but environment construction and data collection are not comprehensive study. The paper uses WiFi fingerprint positioning and other technical means to solve the indoor multi-scenario positioning for educational robot, just for educational robot can provide education services for us.
Introduction
In the ten-year development plan (2011-2020) of educational informatization in our country, it pointed out that the education information work should adhere to the core idea of the deep integration of information technology and education [1] , educational robot is one of the most representative applications of educational informationization, which embodies the value of educational robot in education. And education robot must be able to move freely in the indoor scenario, to achieve independent positioning, to achieve "where am I" [2] , "What can I do for you?" [3] , to provide better services for education.
At present, we have developed three generations of educational robot platform. The experimental platform is based on independent research and development of educational robot. The focus of this paper is placed on the robot sub project -the positioning of educational robot. Life needs to track a large number of targets, including smart phones, child watches (with phone and positioning function), wearable devices, laptops and other portable devices, at the same time, the aircraft, cars, ships and other large equipment should be tracked and positioned, and most of them are in the outdoor environment, mainly using GPS [4] , BDS and other outdoor positioning system positioning. However, GPS and BDS system signals are easily affected by the factors such as building block, long time delay and low positioning accuracy. Because the educational robot activity is mainly in the classroom, conference room and exhibition hall, etc., GPS and BDS system can't provide good signal coverage for indoor environment.
The indoor positioning methods commonly used are ZigBee positioning, ultrasonic positioning, microphone positioning, ultra wideband positioning, RFID positioning and WiFi positioning [5] , etc., at present, these positioning technologies are widely used in various fields. This indoor positioning technology has its own advantages and disadvantages. However, WiFi positioning is a kind of ideal positioning technology, mainly used in the indoor environment and moving target positioning, we consider the use of WiFi positioning, because many schools have achieved full coverage of WiFi, which can reduce costs and improve the practicality of research.
The research of indoor positioning technology can be used in different ways, including time of arrival (ToA), time difference of arrival (TDoA), angle of arrival (AoA) and received signal strength (RSS) and other location-based services [6] , the first two methods have high positioning accuracy, but the time synchronization and precision requirements are higher, which brings difficulty to the time threshold decision, and the equipment cost is also high. Driven by the development of educational informationization, many universities, middle schools and primary schools basically realize that the seamless coverage of campus WiFi. In order to realize the low cost and high efficiency of the educational robot, we consider the use of campus WiFi signal to provide location service for our educational robot, and it also provides the necessary support for the application of educational robot in the future. Based on the WiFi fingerprint positioning is a widely used indoor positioning, the main reason is that with the development of smart city and smart campus, there are a lot of software can achieve the collection of WiFi signal. This paper focuses on the construction of WiFi fingerprint positioning platform, the layout method of APS, the data collection and processing methods, etc.
The structure of the paper is as follows: 1 Introduction. 2 WiFi fingerprint positioning technology. 3 Experimental environment construction. 4 Experimental implementation. 5 Discussion and analysis. 6 Summary.
WiFi Fingerprint Positioning Technology
There are two kinds of positioning methods based on RSSI measurement technology: one is based on the signal transmission loss model and the other is based on RSSI fingerprint database [5] . Because of the influence of reflection, multipath to indoor positioning, so the positioning method based on loss model is relatively poor. The localization method based on RSSI fingerprint database will receive better results. Therefore, this paper uses the RSS fingerprint database for indoor positioning.
WiFi Fingerprint Positioning Principle
WiFi fingerprint positioning technology is the using of RSS and physical location of the relevance of positioning, that is, the using of different physical locations on the performance of the RSS (signal strength) is not same. First, we construct the WiFi fingerprint database by collecting the signal intensity of the different physical positions (reference points), extracting the eigenvalues of the position and training the relationship with the physical location. Second, the real-time RSS value of the database solution, and ultimately get the positioning results [7] .
Positioning Flow and Algorithm Research
The following fingerprint positioning process will be based on the received signal strength (RSS) of the WiFi signal characteristics. At the same time, this process is also suitable for fingerprint positioning based on other physical signals.
The implementation of the fingerprint positioning algorithm is usually divided into two stages [8] , as shown in Figure 1 . In the offline stage, includes measuring the location of the moving object (educational robot) in a different coordinate system and storing the collected information in the database.
Offline stage includes the following steps: The first step, the beacon nodes B1, B2, ..., Bn are assigned in the tracking area; The second step, the tracking area is divided into many small grids, and the grid points are used as reference points (x,y)1, (x,y)2, (x,y)3 ,..., in the tracking area; The third step is to get the RSS values for each reference point from the beacon and store them in the database with the corresponding positioning coordinates.
In the online stage, the robot collects several RSS values from different beacon nodes in its area and sends them to a server. The server applies an online search algorithm to estimate the location of the moving target (educational robot).
Online stage includes the following steps: The first step is to train the educational robot into the tracking area and then collect the RSS value from each beacon node. The second step is to compare the collected RSS value to the stored value in the database. The third step is to retrieve the closest RSS value in the database.
Experimental Environment Construction Experimental Equipment Preparation
In order to collect offline WiFi fingerprint data in this experiment, we first use the laptop on the educational robot and act as the WiFi signal processor. In the computer with the wireless signal receiving software inSSIDer, the software can simultaneously monitor multiple APs signal through a good visual interface to achieve the APs RSS data collection.
This experiment is used with three same types of 360 security routing mini router, lenovo thinkpad X220, scenario drawing software is autoCAD2008, signal processing and mapping software using MATLAB7.0, the experiment also need hand-written labels, tape and other auxiliary materials.
Experimental Scenario Layout
We selected the experimental site in CCNU_NERCEL third floor, where we have a variety of indoor positioning of the experimental environment. AP2, AP3, AP4 three spacing of 6.9 m, from the ground height of 2 m, the seminar room is 6 m wide and 9 m long, the building structure includes glass doors, vertical lift elevators and stairs, the scenario structure and APs layout shown in Figure 2 . 
Experimental Implementation Creating Grids
The seminar room is a rectangular area, and the area is divided into 54 square grids. 
RSS Collection and Processing
In this experimental site, the receiving device can receive both CCNU and NERCEL. As the experimental area is not very large, in order to provide high-quality positioning signal source, in the case of full coverage, the three APs were numbered AP2, AP3, AP4, we use the inSSIDer filtering function, only allows the signal collection interface to display AP2, AP3, AP4. 
We collected the RSS signal in the morning, a sunny day, and the educational robot is equipped with some avoid obstacles sensors. We set the robot and obstacles (walls) to maintain a certain distance in order to protect the educational robot. The seminar room is divided into 54 grids. According to the grid to establish the corresponding location number and RSS data mean table, the table can be seen in each No. RSS 00 ~ RSS 85 grids, each grid for data collection, AP2 ~ AP4 each grid collection point collection of five RSS values. The time interval is 1 second, and the mean processing, the collected data is first stored in the database, and then through the average finishing into Table 2 , to achieve establish a fingerprint database.
Discussion and Analysis

Offline Stage
There were 54 fingerprints in the seminar room, RSS fingerprint data collection from RSS 00 to RSS 05 , from RSS 15 to RSS 10 direction, so snake-like acquires RSS data, each data collection point including beacon AP2 ~ AP4 data, each fingerprint point (RSS 00 ~ RSS 85 ) Data processing using the mean method. Experiment setup AP2 and AP3 where the wall to the AP4 wall distance are expressed with Y1~Y6, that is Y1=1 m, Y2=2 m, Y3=3 m, Y4=4 m, Y5=5 m, Y6=6 m. The distance between the Distance (m) axes 1 to 9 represents the distance from the RSS 00~ RSS 05 to RSS 80 ~ RSS 85 , with a grid length of 1 m and a total length of 9 m, constitutes a 6 × 9 = 54 m 2 of fingerprints. After the data collection of AP2 is processed, the fingerprint can be obtained. Corresponding signal strength and distance can be presented through Figure 3 , smooth processing effect is more intuitive, we can see that the RSS collected signal is relatively stable, at some distance points also have great fluctuations, according to the experimental site layout, the reason is close to the AP4 layout point has a load-bearing column, the signal has a great occlusion effect, in the actual positioning process can be considered with other AP auxiliary positioning. In Figure 4 , AP3 layout in the upper right corner of the No. RSS 70 , we also found that, especially Y1 and Y7 two lines of signal intensity changes abnormal, according to the experimental site analysis, also affected by the bearing column, the linear propagation of the signal is blocked, resulting in different attenuation of the signal. In figure 5 , AP4 layout between the No.RSS 45 and RSS 55 , the distance is 1 m away from the load-bearing column, which leads to the test of AP4 RSS shows that chaos, Therefore, AP4 only be used as a secondary positioning reference.
Online Stage
In the positioning program design, consider the educational robot from the RSS 00 fingerprint began, along the original fingerprint database direction for snake movement, and timely record real-time RSS signal strength value, and record the educational robot in the corresponding position in the fingerprint library. Collect these data, through real-time collection of the various RSS data and fingerprint database in the RSS data comparison. Compared with the fingerprint database value through the real-time signal collection by RSS, we can determine the location of the educational robot. In the experiment we found that with the increase of the distance, the probability distribution of the positioning accuracy increases gradually, and the probability distribution is the highest when the positioning accuracy is 2m, then the accuracy of probability distribution began to decline. We find that the WiFi fingerprint positioning accuracy can basically meet the application of our educational robot in indoor environment.
Summary
Education informatization has brought great development to Chinese education, educational robot is a focus of future development. The educational robot faced toward the teaching field, indoor platform based classrooms, exhibition halls and conference rooms and other areas. Through the positioning and navigation of educational robot to let the robot provide better service is one of the technical aspects of the current research.
This paper is based on educational robot activities to build the scenario, RSS signal fingerprint collection, the positioning effect of a comprehensive analysis. Of course, at present only on the WiFi fingerprint positioning research is still far from enough, future work according to the educational environment on the WiFi fingerprint positioning method for more research, improve the practicality and ease of WiFi fingerprint positioning, and study the integration of multiple positioning methods to achieve a better positioning of educational robot for the future educational robot indoor positioning and navigation to provide more accurate location services.
